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ABSTRACT 
The influence of adsorption-desorption phenomena and distribution of pore sizes 
on lhe leaching beh.viour of two herbicides, thiazafluron (highly polar, nonionic) 
and clopyralid (anionic) in three soils has been studied. Adsorption d.ta, obtained 
by b.tch equilibriwn, were fitted to Freundlich equation and Kf values calculated. 
Pore size distribution of the soils was studied by mercury porosimetry. Mobility has 
been studied by leaching in handpacked soil columns and lhe retardation factor (Ri) 
calculated as the pore volumes required for leaching 50 % afthe applied herbicide. 
Rf and Kf values correlated directIy in the case of thiazafluron. Rf and mean pore 
raruus were inversely related in both cases. 
INTRODUCTION 
The study of pesticide movement throughout the soil profile is of great interest as far as 
biological performance and grOlmdwater contamination are concerned (Bowman, 1989; Beck et 
al., 1993). Adsorption and mobility, in general, have been shown to be inversely rel.ted (Bilkert 
& Rao, 1985; Beck et al., 1993). Pore size distribution, as accounting for different pore water 
velocity, is also rel.led to the transport of salute in soils (Ping el al., 1975 ). 
The airo of this study was to compare the leaching pattems of two different adsorbing 
herbicides in three different soils with special attention to the influence of their adsorption 
capacity and pore size distribution. 
MATERIALS AND METHODS 
The herbicide thiazafluron (1,3-dimelhyl-1-( 5-trifluoromelhyl-1 ,3,4-thiadiazol-2-yl)ure.) 
used in lhis study was lhe high purity compound supplied by Ciba-Geiby. Thiazafluron is a non-
selective herbicide used for industrial weed control and active mainly through plants roots. The 
herbicide clopyralid (3,6-dicWoropicolinic acid) used was lhe high purity compound supplied by 
DOW Chemicals. Clopyralid is an herbicide of selective use in cereal crops, rangeland, grass 
pastures and turf (Worthing & Hance, 1991). 
Soils were sampled, sir dried, sieved to pass a 2 mm mesh and stored in a refrigerator. 
Their physico-chemical properties were detennined by the usual methodology (Hennosín et al., 
1987) and are gíven in Table 1. 
Duplicate samples of 2.5 g of each soil sample were treated with 10 mi of thiazafluron and 
clopyralid inilial solution concentr.tions (Ci) 0.05, 0.1, 0.3, 0.5, 0.8,1,1.5 .ud 1.8 mM using 0.01 
M CaC12 as solvento The suspensions were shaken at 20 ± 2 Oc for 24 hours and then centrifuged 
at 12000 r.p.m. at the srune temperature. Equilibrium concentration (Ce) was detennined in the 
supematnnt by UV spectroscopy (absorption maximum, 266 nm for thiazaflul'on and 280 nm for 
c1opyralid). Previousl..v, it was checked that equilibrium was reached before 24 hours and no 
significant degradation occurred during this periodo Differences between Ci and Ce were assumed 
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to be adsorbed. Desorption was measured after adsorptlon using the 1 mM and 1.8 initial 
solution concentrations. Afier the samples were shaken and centrifuged, 5 ml oí supematant were 
removed and ana1yzed and 5 ml of 0.01 M Cael, added to lbe centrifuge tubes. The samples 
were resuspended, shaken for other 24 hours BIld centrifuged and equilibrium concentration in 
the supematant was detennined. Desorption procedure was conducted three times for each soil 
sample. 
Table 1. Physicochemical properties of the soils. 
Soil property Soil 1 Soil 2 Soil 3 
% Organic Matter 0.99 2.24 2.54 
pH 7.9 7.7 7.6 
%Sand 70.7 12.1 11.9 
% Silt 8.9 43.6 35.8 
0/0 Clay 20.4 44.3 52.3 
The distribution of pore radü of soil samples from 4'104 to 3.7 ron was determined using a 
CarIo Erba 2000 mercury depression and intrussion porosimeter. The measurements were carried 
out en soils packed in the sarne way as the columns used for leaching experiments. 
Leaching has been studied in 30 cm long meta.crilate soil columns of 5 cm inner diameter. 
~ __ ~~__ ~~b~_~~ __ ~~~_
The other four rings were handpacked with the soils. Leaching experiments were nm in 
triplicates, and for every soil a blank column (wilbout herbicide) was used. The amount of 
tbiazafluron and clopyralid corresponding to lbe maximum application rate in soils (12 Kg/Ha 
and 100 g/Ha, respectively) was applied to lbe top of lbe columns. 50 ml of 0.01 M Cael¡ were 
applied daily. In tbis way, water flow rates were 0.8 ml/min for soil 1 and 0.3 ml/min for soil 2 
and 3. The total amount of CaC~ applied was 2,5 L. Leachates containing lbe herbicides were 
col1ected daily, filtered and analyzed by HPLC. 
RESULTS AND DlSCUSSION 
Thiazafluron adsorption isotherms in the soils studied are shown in Figure 1. Adsorption 
coefficients, Kf and Dr. obtained by fitting adsorption isotherms 10 Freundlich equation, are given 
in Table 2. together with desorption percentages afier three succesive dilutions. Higher 
adsorption was found for soil sample 3, of higher organic matter and cIay contento The last has 
been shown to be lbe most important single factor affecting lbe adsorption of tbis highly polar 
herbicide in soils (Cox et al., 1994-a,b). Desorption percentages indicate lbat only a smal! 
amount of the herbicide adsorbed is released afier three desorption cycles. This has been 
attributed to irreversible binding oftbiazafluron molecules to soil elay (Cox et al., 1994-b). The 
herbicide clopyralid did not adsorb on lbe soils studied. Adsorption studies at lbe jlM range gave 
lbe same results. This could be due to lbe low pKa of lbe herbicide (pKa= 2.33), which indicates 
lbat at lbe pH of lbe soils (Table 1) lbe molecule would be in lbe anionic formo The low content 
of lbe soils in organic matter, which has been shown to adsorb tbis herbicide (Pik et al. 1977), 
would also contribute to these results. 
Cwnulative and differential mercury porosimetry curves of the three soils are shown in Figure 
2. The volwne oí greater pores (r> 1 pro) for soil samples 1 and 2 are nearly the same, but soil 
1 has a lower volume of smaller pares (r< 111m). Pore size distribution of soil 3 is characterized 
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by • gre.t volume of pores in Ibe lower limit of pore r.dius studied (.hout 0.03 pm). Thus, Ibe 
mean pore radius, cm' for the three soil samples decreases in the arder rm(3)< rm(2)< fm(!)' 
Table 2. Tlúazafluron adsorption eoefficients (K¡ and Il¡) ealeul.ted from Freundlieh 
equ.tion and desorption pereentages (D) ealeul.ted at 1 mM and 1.8 mM tbiazafluron 
initial solution concentrations after three desorption eycles. 
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Figure 1. Thiazafluron adsorption isothenns on soils studied. 
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Figure 3a shows thiazafluron BTCs in the three soils studied. Recovery percentages of the 
applied thlazafluron were 88.4, 67.7 and 65.1 % for soils 1, 2 and 3, respectively. Thiazafluron 
ETC in soil 1 has a higher concentration peak when compared with the curves for soils 2 and 
3, indicating that thiazafluron moves more rapidly in this sollo All BTCs showed salute 
concentration peaks to the right of ane pore volume, which result from salute adsorption (Beck 
et al., 1993). Although ETCs for thiazafluroIl were not synunetrical, a retardation factor Rf was 
calculated as the pore volumes required to Ieach 50 % of the applied herbicide (Brusseau and 
Rao, 1989). Rfvalues (Table 3) eorrel.ted direetlywilb .dsorption eoefficients Kf, indieating Ibat 
adsorption and mobility of thiazafluron in soils are inversely related and that the different shape 
of thiazafluron BTCs can be explained considering the different adsorption capacity of the soils. 
The assymmetry ("talting effeet") observed in the BTCs can a1so be attributed to Ibe low 
desorption mte of thiazafluron found in batch studies, as shown in Table 2. 
Figure 3b shows clopyralid BTCs in the three soils studied. Recovexy percentages were higher 
than 80 % for the three soils. Although no adsorption of clopyralid had been detected, 
differences in clopyralid BTCs for the three soils studied were observed. Rf values for clopyralid 
(TabIe 3) were fOlUld around one pore volume, indicating the low influence of adsorption in 
leaching of this herbicide. Differences between the BTCs and Rf values for the different soils can 
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be explained considering lhe different pore size distribution of lhe solls. Clopyralid BTC in soll 
1 showed lúgher concentration peak tban in soils 2 and 3 and, thus, lower retardation factor Rf. 
Soil 1, as mentioned abO\"e, has the highest mean pore radius (r
m
) and, consequentIy, water flow 
rate, which can give rise to earlier breakthrough (Van Genutchen et al., 1990). Broadening oflhe 
leaching curves obsen'ed in soils 2 and 3 during flow reflects the combined influence of diffusion 
and bydrodynwnic dispersion processes (Biggar & Nielsen, 1962), lhe first more likely to occur 
in these heavier soils of lower mean pore radius and water fIow rateo In soil 3, of a higher clay 
cantent and higher volume of small pores than tbe others, there would be a greater tendenoy far 
clopyralid to diffuse into stagnant or relatively non-conducting pores causing the BTCs to 
become more diffused and broadened and to have lower peak concentrations. The different 
porosity of the soils should also contribute to tbe extend oí adsorption processes in the case of 
thiazailuron. 
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Figure 2. Differential and cumulative mercury pore volume for the three soil samples as a 
function of calculated pore radius. 
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Figure 3. a) Thiazailuron BTCs. b) Clopyralid BTCs 
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Table 3. Retardation faetors, Rf (pare volumes) calcuIated from titiazafluron 
and c1opyral!d BTCs. 
CONCLUSlONS 
Soil 
1 
2 
3 
4.7 
6.3 
7.9 
Rfllopjnlid 
0.9 
LO 
L2 
The herbicide titiazafluron moves more slowly in solis than clopyrafld, due to adsorption 
of titiazafluron on soi! clay, as confirmed by previous studies. The different porosity of the 
soils affects the leaching of these herbicides in soíl columns, since it controls water 
movement. This different porosity might also alfect adsorption processes by determining the 
permanence of tbe herbicide in the column in contact with soíl components. 
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